Abstract: The problem of natural regeneration of forests, in general, is essential especially under the climate change scenario. The canopy influence on the establishment and growth of oak seedlings supposes an approximation to the still lack of knowledge of oak forests heterogeneity. The management directly concerns the radiation that absorbs the canopy and, therefore, to the undergrowth radiation. The aim of the study was to research the existing relationships between the light percentage that crosses the canopy and comes up to the natural regeneration in native stands of Quercus robur L. in Galicia, in NW Spain. After making the stratification of the stands according to their canopy, data collection was based on the percentage of available light in the undergrowth estimated by means of hemispherical photography. The results show that in areas with a better light percentage, there is a greater regeneration density, which is justified by presenting largest development of the vegetation in the partial opening. The most important conclusion is that San Fitoiro forest is the one with better conditions for seedling establishment, because, the percentage of light reaching the understory are the lowest, providing shade conditions turn out to be a clave factor in the germination of acorns and further development of them.
Introduction
Quercus robur L. is the species of the genus Quercus with the natural range wide ). It appears in Galicia located from sea level up to 1850 m, although the latter in the form of clumps of 0.5-1 m in length such as in Ancares Mountains (Lugo) (SilvaPando & Rigueiro 1992; Díaz-Maroto & Vila-Lameiro 2008a) .
In Galicia, the stands of Quercus robur should cover most of the forest area, but due to the several factors, including their transformation into meadows, pastures or crops, as the ideal location of these formations are the soils can be deep and soft not terrain and given the high quality of its wood. Which, it has resulted in widespread destruction of what once must have been a continuous surface of oaks in most of continental Western Europe and to southern Scandinavia (Díaz-Maroto et al. 2005 ). Most of their potential area is occupied by other fast-growing tree species, rangeland and agricultural land. Despite this, the area currently covered by deciduous hardwood forests in Galicia has increased significantly. According to data from the Third National Forest Inventory, Quercus robur in Galicia occupies an area of 187,789 ha, which represents nearly 14% of the total woodland area. This tree species is the second in terms of area concern (Díaz-Maroto & Vila-Lameiro 2008a) .
Almost all of the Galician oak forests have lack of proper forest management, inherited from centuries ago, because in most cases, lack of economic interest that exists for their use, given the current situation (Ruiz de la Torre 1991; Díaz-Maroto et al. 2005; Díaz-Maroto & Vila-Lameiro 2008b) . Furthermore, these forests have high environmental concern, being recognized as Habitats of Community Interest as part of the 2000 NATURA Network.
According to the principle of forest natural persistence, this must be based on natural regeneration after reaching maturity (Diaci et al. 2008 ). This persistence beginning, when large and mature woodland is replaced by another from seed, long and complicated process and that usually has one of the situations (Díaz-Maroto et al. 2005) :
-Lack of adequate gaps (Bruciamacchie et al. 1994) in the stands for the establishment of seedlings (Magnus et al. 2006 ).
-Weak seedlings development in mature stands (Dobrowolska 2008) , due to an excessively thick canopy closure, it makes the rich composition of one year with good acorn production, die from lack of light. Many stands have regular seed regeneration (advance regeneration) but the total lack of cultural treatments makes the seedlings die (Siam et al. 2009 ).
The total radiation under the canopy is one of the most important factors influencing in this process (Rentch et al. 2003; Hamer & Morgan 2007) , not only for its direct effect on photosynthesis but also for its regulatory action on other variables that influence of growth (air and soil temperature, relative humidity, etc.). Thus, knowledge of the growth response of seedlings to variation of the site main factors, in particular, the total radiation below canopy, it is essential to establish the basis on which to propose the most appropriate measures for promote natural regeneration (Magnus et al. 2006; Perrin et al. 2006; Valkonen 2008) .
The objectives to be achieved in this work were: 1) Determine the influence of the amount of light crossing through the tree canopy in the natural regeneration in stands of Quercus robur distributed throughout Galicia, according to the different levels of canopy: i) openness, i.e., canopy cover zero; ii) closed areas (canopy cover exceed 100%); iii) areas with canopy partial opening (50% canopy cover); 2) Analyze the relationship between the development stages with certain weather parameters and their influence on natural regeneration. Our hypothesis is that initially, the shady conditions promote the seedlings installation, but, after these are not the most suitable for their future development, given the species ecological valences, very demanding in light in the early of the development.
Material and methods

Study area
The choice of stands was based on existing information on the current distribution of Quercus robur forests in Galicia and their physiographic, climatic and edaphic habitats Díaz-Maroto & Vila-Lameiro 2008b) . The oak stands selected must meet the two basic requirements following: 1) At least 80% of stem number were of this species; 2) They must have a minimum area on 0.5 to 1 ha, which allowed appear inventory plots with no apparent problems effect "edge" that distorts the normal growth of some trees. Also, it was aware that they belong to different types of phytosociological associations of Q. robur in the study area (Silva-Pando & Rigueiro 1992; Díaz-Maroto et al. 2006) . According on these points, the stands selected were the following ( Fig. 1): 1) Natural Park "Fragas do Eume". -Occupies an area of over 9,000 ha and it is located about 60 km east of A Coruńa city. It was declared a Natural Park in 1997. Is the best representation of thermophile Atlantic forest in Europe both for its length and conservation adequate; the inventory was conducted in pure stands of Quercus robur. The vegetation series dominated is "oak forests Galician-Asturian acidophilus colin-montane of Blechno spicanti Quercetum roboris, thermophile facies of Laurus nobilis" .
2) Fraga das Saímas. -Forest neighbourhood located in Viveiro (Lugo), San Andrés de Boimente parish, with a surface area about 50 ha. It also is within the vegetation series of "oak forests Galician-Asturian acidophilus colin-montane of Blechno spicanti Quercetum roboris, thermophile facies of Laurus nobilis" .
3) San Fitoiro. -Located near to the Lugo town, the oak forest has an area of 72 ha. It also is a forest neighbourhood in agreement with the Forest Administration, according to which the residents have a stake in the flight set at 70% and 30% of administration. It belongs to the vegetation series "oak forest Galician-Portuguese acidophilus montane of Vaccinio-Quercetum myrtilli roboris" . 4) Taboadelo. -Located in Ponte Caldelas (Pontevedra province) with an approximate area about 45 hectares to the phytosociological association "oak forest GalicianPortuguese acidophilus of Rusco aculeati-Quercetum roboris" .
With these four stands tried to cover, in general, a wide range of possibilities canopy closure, ecological and physiographic conditions.
Description of stands and canopy
The Table 1 shows the physiographic characteristics (altitude, orientation and slope), climatic and soil conditions (mean annual precipitation, mean annual temperature and soil depth) of the stands and the type of canopy cover of each one of 16 permanent inventory plots, 4 in each forest: 2 in closed canopy and 2 in areas with partially open canopy. The selection of different inventory plots within each stand was randomly. For the classification of the canopy as closed, partially open and open, the canopy cover was measured through from direct visualization with support orthophoto and comparison graphs (Powers & Nagel 2009 ). In the inventory plots were lifted transects so that correspond to the regeneration zone through the same, or at least a part of it.
The stand more continental is San Fitoiro forest, also with the higher altitude around 650 m ( Table 1) . The other three stands are located closer to the sea and have lower In the four stands, the average annual precipitation exceeds 600 mm, the minimum required by the proper development of the species within the study area (Díaz-Maroto et al. 2005) , and the temperatures are within optimum ranges, being the thermal contrast summer and winter mild. The most influential climatic factor in natural regeneration is late frosts, which cause serious damage to the seedlings. Sites where there is a greater risk for this type of frost are the Fraga das Saímas and San Fitoiro. All stands have deep soils with the exception of the Fraga das Saímas, plus this is where stoniness is higher. The soils most available for the species studied are deep with plenty of soil moisture, preferring siliceous soils originated from igneous rocks (granites, schist, etc.).
Sampling and date collection
The plots are rectangular in shape and variable dimensions, depending on the stand density, so they were included at least 40 to 50 trees. The dimensions of the installed plots ranged from 500 to 1200 m 2 . After choosing the plots was staking out the same with the help of a tape, optical square, five milestones and the Vertex III.
Within each plot was followed foliation phenology of Q. robur to determine which months the stands are covered with leaves and these are lacks them. In each forest, spaced samples were made with a periodic interval for data collection, with a minimum interval of 15 days up to 20, during the period of vegetative activity, scoring its growth stage by the Schirone et al. (1990) method. For this, the foliation was characterized through eight stages by corresponding indices; in this case, index 0 in the beginning and index 8 at the end of the process of leaf development (Fig. 2) . We also have studied the evolution of different climatic parameters, because, they could have possible relationships with the phenological stage. These parameters were: the average monthly temperature and absolute maximum and minimum temperatures (Schirone et al. 1990 ). These data come from meteorological stations closest to the stands under study and they are located at similar altitude and orientation. Furthermore, we have considered regenerate, seedlings are in a state of nascent seed or spread, or what still have not yet reached the dimensions required to consider feet under, i.e., 5 cm of diameter and to be part of the herbaceous layer (Diaci et al. 2008) .
To study the possible relationships between regenerate and total radiation under canopy, some transects were replanted (Rentch et al. 2003) . These were linear, 50 m in length on the horizontal, which were tagged with 10 cuttings each, one every 5 m, being the first and last 2.5 m from the edges, so that each stake is located in the centre of an imaginary square of side 1 m, which it was installed as a permanent sample to characterize the natural regeneration (Harmer et al. 2005) . Each of these points was referenced to a GPS, for ease of layout we used a square wooden folding mobile and refine the sampling area of 1 m 2 , while performing the measurements. Inside each square meter, marking by colours flanges all seedlings of Q. robur. Once identified, their height was measured using a ruler with millimetre assessment. This operation has been done so far, in three consecutive years 2008, 2009 and 2010. There are several techniques to determine coverage under canopy, e.g., through densitometers, but these instruments have a major component of subjectivity, which is even greater when data collection is not done by the same per- son. Therefore, in this work, for this purpose, we decided use hemispherical photography, given their significant advantages (Jonckheere et al. 2004 ).
Therefore, we have made digital photographs to a height of 1.2 m using a camera with macro on a tripod. First, it is necessary to establish the quality of the image; we have used a fine image quality. Also it is essential to check that the camera is set to get pictures without flash and no zoom. In each exposure, the structure is oriented so that the top of the camera, using a compass, is pointed North in the first picture, which serves as a reference, since each sample point is always followed the same sequence N-S-E-W. The best conditions are fully covered skies, to avoid reflections. Today, we have developed a model based on image restoration algorithm for removing haze/fog, which improves the visual quality of images captured in hazy/foggy weather conditions. The images were processing with the ImageJ software developed by the National Institute of Health (NIH-USA) (Schneider et al. 2012 ). Table 2 shows values of the mean and variance of sample for forest and canopy openness of the parameters obtained from the regenerate transects (number of seedlings per transect, average height, annual growth of seedlings and, light percentage per year).
Results
The results for phenological study of the foliation and fall of the leaves are presented in different graphics (right vertical axis) for each one of the forests, and also include the annual variation of different climatic parameters considered (vertical axis left) (Fig. 3) . The observation and analysis of phenological data, noting the delay in the thickening of buds (index 1), and the beginning of the foliation (indices 2 and 3) that occurs during the period in which the temperature absolute minimum is below 0 • C, this phenomenon being more pronounced in Fraga das Saímas (Fig. 3b ) and in Taboadelo (Fig. 3d) .
The maximum foliation (index 8) are sustained over time in the Fraga das Saímas, San Fitoiro and Taboadelo forests, showing the first signs of yellowing (index 7) in early September. In San Fitoiro and Taboadelo forests, this state (index 7) occurs about a month and a half after of annual maximum temperature. However, in the Fraga das Saímas the first signs of yellowing was delayed in early October. The falling leaves (index 4) occurs in December, in general, with the exception of Fragas do Eume (Fig. 3a) , which advance to November and of Fraga das Saímas (Figure  3b) , in which the leaf fall is delayed until January.
Discussion
Characterization of the regenerate As the density of regenerate, in those stands where the percentage of light reaching the understory is less, there is a greater density of seedlings (Jarvis 1964 ). This assumption is fulfilled in the San Fitoiro and in the Fragas do Eume forests. In the Fraga das Saímas and Taboadelo forests, it appears that in areas with a greater percentage of light, there is a better density of regeneration. This is justified to present greatest development of the vegetation in the partial opening (Lockhart et al. 2006) , creating the conditions for the establishment of new seedlings, in the case of Taboadelo, while in the Fraga das Saímas is justified by the increased pressure of livestock in areas closed canopy, because in these areas are an appropriate habitat for their protection (Mcevoy et al. 2006) .
In regard to growth, we can say that those areas with a higher percentage of light have higher growth with the exception of San Fitoiro and Taboadelo, where the greatest growth in transects with less light are justified by the clearings carried out in one of the areas with partial opening, specifically in Taboadelo, which resulted in a decrease in the average height and the low percentage of light reaching areas with partial opening of canopy in San Fitoiro. We could say that those stands in which the input light is smaller, have a higher density of regenerate (Jarvis 1964) . Similarly, we can say that those stands where the light reaching the understory always show higher growth, although this may be influenced by other factors such as the presence of herbivores (Díaz et al. 2004 ).
Phenological study
We can deduce that in the San Fitoiro forest (Fig. 3c ) takes place the highest maximum leaf growth, i.e., this stand is covered with foliage, for nine months a year, compared with eight months remaining stands under study. This would justify, too, that this stand which has the highest densities of regenerate, providing shade conditions necessary for the installation of seedlings (Lüpke 1998; Valkonen 2008) . Table 3 shows the most profuse species in each of these forests. In general, there are abundance of ferns, blueberries, heather, gorse, wild pear trees and bushes . In the regeneration by seed, the germination medium plays an important role (Powers & Nagel 2009 ). In most cases it is the most suitable for the installation and the development of seedlings, presenting abundant dense bush or grassy carpet that prevents contact of the acorn to the soil and develop them further. It must be remembered that the germination medium may be responsible for providing shade conditions necessary for seedling establishment as well as prevent further development of them (Lüpke 1998; Lockhart et al. 2006 ). The most influential species is Pteridium aquilinum L., given its large presence in the forests under study and their high coverage that prevents the growth of other species, which may promote regeneration by providing a better way to install new seedlings, although at the same time, shade conditions (Lüpke 1998) , are not the most suitable for seedling growth (Magnus et al. 2006; Siam et al. 2009 ).
Botanical inventory
Conclusions
San Fitoiro is the one with better conditions for seedling establishment in both number and height. The percentage of light reaching the understory are the lowest of the stands, providing shade conditions turn out to be a key factor in the germination of acorns and further development of natural regeneration. However, in relation to height growth, Fraga das Saímas is the one with the highest values, which the light that cross the canopy are larger. In Fragas do Eume, where the percentage of light is lower than in the Taboadelo, it appears that the regeneration will be higher, but, is somewhat less than half, resulting, thus, be the stand which has a lower density of regenerate. If you look at the new seedlings establishing in both stands, the conditions for their establishment are optimal. On another band, in the Fragas do Eume most of the loss of new seedlings is due to increased pressure of livestock and wildlife. Then, we can conclude that establishing greater number of seedlings in areas that offer the best shade conditions and the failure of this statement is mainly due to pressure from herbivores.
In the stands with the lowest percentages of crossing light, San Fitoiro and Fragas do Eume, the density of seedlings increases, indicating that most arise and, after a few years, die. In Fraga das Saímas, the density remains constant and it is the one with a larger number of seedlings eaten, indicative of that the pressure of herbivores is the most influential factor in the regenerate. By contrast, in Taboadelo, there is high mortality of seedlings which leads us to believe that birth rates on 37% do not favour the establishment of new plants, because, only detects the presence of seedlings of natural age class, not exceeding of the 3 years. Therefore, although there are seedlings present in all of the sampling points, the absence of other natural class, indicate that the stand persistence is not achieved by the absence of light.
The highest values of seedling height are obtained in San Fitoiro, precisely where the input light is smaller.
This aspect marks the principle of the presence of more light means that the seedling height is less. We can conclude that, with increasing the amount of light reaching the understory reduced the density and height of regenerate. As for the height growth of regeneration, this is favoured at high light intensities, i.e., growth is greater in areas where the light reaching the understory are higher. Then, shady conditions that initially favoured the seedlings installation are not the most suitable for their future development.
As for the variation among seedlings and dead between 2008 and 2009, it can keep the statement that Q. robur regeneration is abundant in all forests under study. The percentage of seedlings showing damage by herbivores is quite high in Fragas do Eume and Fraga das Saímas, with average around 56%. Therefore, we can say that the pressure of herbivores on regeneration focuses on certain areas and to a greater extent under closed-canopy areas, possibly because of protection afforded to wildlife wild.
The phenological study we obtained the following conclusions: the peak of leaf growth occurs during the summer, except in Fraga das Saímas, which there is a delay coincides with the delay of the maximum of absolute temperature. Climate data included in the study, the absolute minimum temperature is the strongest influence on the phenological development of foliation, as late frosts, are one of climatic factors that influence natural oak regeneration.
